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METHOD OF REDUCING A BLOCKING ARTIFACT WHEN 
CODING MOVING PICTURE 



BACKGROUND OF THE INVENTION 
5 1. Field of the In ve ntion 

The present invention relates to a moving picture process, and in particular to a 
method for processing blocks of a moving picture to increase a compression ratio and to 
improve coding efficiency. 

10^ 2. Background of the Related Art 

rU To efficiently compress a time variable video sequence, redundancy in the temporal 

^ domain as well as in the two dimensional spatial domain must be reduced. MPEG uses a 
M discrete cosine transform (DCT) to reduce the redundancy in the two dimensional spatial 
p domain and a motion compensation method to reduce the redundancy in the temporal 
15 domain. 

The DCT is a method of reducing the correlativity between data through a two 
dimensional spatial transformation. Each block in a picture is spatially transformed using 
the DCT after the picture is divided into blocks. Data that has been spatially transformed 
tends to be driven to a certain direction. Only a group of the data driven in the certain 
20 direction is quantized and transmitted. 
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Pictures, which are consecutive in the temporal domain, form motions of a human 
being or an object at the center of the frame. This property is used to reduce the 
redundancy of the temporal domain in the motion compensation method. A volume of 
data to be transmitted can be minimized by taking out a similar region from the preceding 
picture to fill a corresponding region, which has not been changed (or has very little 
change), in the present picture. The operation of finding the most similar blocks between 
pictures is called a motion estimation. The displacement representing a degree of motion 
is called a motion vector. MPEG uses a motion compensation-DCT method so that the 
two methods combine. 

When a compression technique is combined with a DCT algorithm, the DCT 
transform is usually performed after input data is sampled in a unit size of 8 x 8, and the 
transform coefficients are quantized with respect to a visual property using quantization 
values from a quantization table. Then, the data is compressed through a run length 
coding (RLC). The data processed with the DCT is converted from a spatial domain to 
a frequency domain and compressed through the quantization with respect to the visual 
property of human beings, not to be visually recognized. For example, since eyes of 
human beings are insensitive to a high frequency, a high frequency coefficient is quantized 
in a large step size. Thus, a quantization table is made according to external parameters, 



such as a display characteristic, watching distance, and noise, to perform an appropriate 
quantization. 

For the quantized data, the data having a relatively high frequency is coded with 
a short code word. The quantized data having a low frequency is coded with a long code 
word. Thus, the data is finally compressed. 

In processing a moving picture as discussed above, blocks are individually processed 
to maximize the compression ratio and coding efficiency. However, the individual process 
causes blocking artifacts that disturb the eyes of human beings at boundaries between 
blocks. 

Accordingly, various methods for reducing a blocking artifact in a coding system, 
which individually processes blocks, are presented. For example, attempts to reduce the 
blocking artifact by changing processes of coding and decoding have been implemented. 
However, this method of changing the processes of coding and decoding increases the 
amount of bits to be transmitted. 

Another method for reducing the blocking artifact is based on the theory of 
projection onto convex sets (POCS). However, this method is applied to only a still 
picture because of an iteration structure and convergence time. 



The blocking artifact is a serious problem in a low transmit rate moving picture 
compression. Since a real-time operation is necessary in coding and decoding a moving 
picture, it is difficult to reduce the blocking artifact with a small operation capacity. 

Consequently, the related an methods involve various problems and disadvantages 
when reducing a blocking artifact created in coding a moving picture. A calculation for 
performing an algorithm is complicated, and the calculation amount and time become 
correspondingly large. Further, the blocking artifacts are not reduced in either complex 
regions or smooth regions in a picture. In addition, the amount of bits to be transmitted 
increases. 

The above references are incorporated by reference herein where appropriate for 
appropriate teachings of additional or alternative details, features and/or technical 
background. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method for reducing a blocking 
artifact appearing when coding a moving picture that substantially obviates one or more 
of the limitations and disadvantages of the related an. 



Another object of the present invention is to provide an MPEG-4 video coding 
method that reduces a blocking artifact in a real-time moving picture using a frequency 
properly around boundaries between blocks. 

A further object of the present invention is to provide a method for reducing a 
blocking artifact that increases a compression ration and increases a coding efficiency. 

To achieve these and other advantages in whole or in parts, and in accordance with 
the purpose of the present invention as embodied and broadly described, a blocking 
artifact reduction method includes defining pixels centered around a block boundary and 
setting a default mode. Frequency information of the surroundings of the block 
boundary is obtained for each pixel using a 4-point kernel. A magnitude of a 
discontinuous component that belongs to the block boundary is adjusted in a frequency 
domain to a minimum value of a magnitude of a discontinuous component that belongs 
to the surrounding of the block boundary. The adjusting operation is then applied to a 
spatial domain. In addition, a DC offset mode is established, and in the DC offset mode 
the blocking artifact is also reduced, for example, in a smooth region where there is little 
motion. 

Additional advantages, objects, and features of the invention will be set forth in 
part in the description which follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned from 



practice of the invention. The objects and advantages of the invention may be realized 
and attained as particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in detail with reference to the following drawings 
in which like reference numerals refer to like elements wherein: 

FIG, 1 is a diagram that illustrates horizontal and vertical block boundaries; 

FIG. 2 is a diagram that illustrates a 4-point DCT kernel; and, 

FIG. 3 is a flow chart that illustrates a preferred embodiment of a method that 
reduces a blocking artifact when coding a moving picture according to the present 
invention. 

D ETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Reference will now be made to preferred embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings. FIG. 1 illustrates typical 
horizontal and vertical block boundaries. 

As shown in FIG. 1, in the dimensional image formed with respective four points 
of S 0 , S l5 and S 2 located around the block boundary, S t and S 2 are individually processed 
with a block-unit compression method. Thus, S x and S 2 are not influenced by the 



blocking artifact. However, S 0 is located across a block boundary. Thus, S 0 is directly 
influenced by the blocking artifact. The blocking artifact appears at the boundary between 
fixed block patterns in the form of a line of discontinuity. 

Preferred embodiments of the present invention use, for example, a frequency 
property to preserve complex regions at block boundaries. The frequency property 
around the boundary is preferably obtained by using a 4-point DCT kernel, which can 
be easily calculated. However, the present invention is not intended to be limited to this. 
In this case, the complex region at a block boundary can be effectively processed by 
extending the smoothness of a picture from a frequency domain to a spatial domain. 

As shown in FIG. 1, S 0 is located across the block boundary. Thus, S 0 is directly 
influenced by the blocking artifact. To reduce the blocking artifact from S 0 , a first 
preferred embodiment of the present invention uses frequency information in S t and S 2 . 
The blocking artifact can be removed from S 0 by replacing the frequency component in 
S 0 , which is influenced by the blocking artifact, with the frequency components of S { and 
S 2 . In other words, S 0 contains a discontinuity. However, S x and which are completely 
included inside respective blocks, are not related to the discontinuity. Since S 1 and S 2 are 
not involved with the discontinuity at a block boundary, S x and S 2 can accurately 
represent features of the respective neighboring blocks. 



When images change smoothly, image features of S 0 , S x and S 2 are similar. This 
means that frequency domains of S 0 , S x and S 2 have similar features. The preferred 
embodiments use a DCT, or the like as a frequency analysis tool. DCT is widely used in 
an image compression technique 

FIG. 2 is a diagram illustrating a 4-point DCT basis. As shown in FIG. 2, the 4- 
point DCT kernel basis has symmetric and anti-symmetric properties around the center 
of 4 points. In FIG. 2, a^, a uo , a^, and a 3 ^ 0 are defined as the 4-point DCT coefficients of 
S 0 . Although both a^, and a 3j0 are high frequency components, is symmetric, and a 3 0 
is anti-symmetric around the center. 

The center of S 0 is located at a block boundary as shown in FIG. 1. Thus, a factor 
directly affecting the block discontinuity is not the symmetric component but the anti- 
symmetric component. The magnitude of a 3)0 in a frequency domain is thus adjusted based 
on the anti-symmetric component being a major factor affecting the discontinuity. 
Accordingly, the proper adjustment of a 3 0 is directly related to the reduction of block 
discontinuity in the spatial domain. Reduction of the block discontinuity will now be 
described. 

In a first preferred embodiment, the magnitude of a 30 is replaced with the 
minimum value of the magnitudes of a 3>1 and a 3j2 , which are contained in a single block in 
an area surrounding a block boundary. By doing this, a large blocking artifact that appears 



when one side of the block boundary to be processed is smooth can be reduced. For a 
complex image where both SI and S2 are the objects of motion (i.e., all the values of the 
magnitudes of a 3>0 , a 3il and a 3; , are large), there is little influence on the block boundary. 
A method for reducing a blocking artifact in a default mode is as follows: 

V = v 3 -d; 

V = v 4 + d; and 

d = CLIP (c 2 (a 3 / - a 3(0 )//c 3 A(v 3 -v 4 )/2)*6(|a 3i0 |<QP). 
In the method, a 3)0 ' = SIGN(a 3j0 )*MIN(| a 3 ^ 0 |,ja 3 J,| a 3>2 |), and q is the component of DCT 
kernel. The condition |a 3>0 |<QP is used to count the influence of the quantization 
parameter on the blocking artifact. The |a 3>0 |<QP condition also prevents over- 
smoothing when the blocking artifact is not very serious. The clipping operation on the 
compensated value prevents the direction of the gradient at the boundary from being large 
or changed in an opposite direction. The boundary pixel values, v 3 and v 4 , are replaced 
with v 3 ' and v 4 \ QP is the quantization parameter of the macroblock where v 4 belongs. 
Values, c 1? c 2 , and c 3 are kernel constants used in the 4-point DCT. To simplify an 
equation according to a first preferred embodiment of the present invention, the values 
of q and c 2 are approximated to an integer, and the value of c 3 is approximated to a 
multiple of 2, The values of a l5 a 2 , and a 3 are evaluated from the simple inner product of 
the DCT kernel and pixels, S 0 , S 1? and S 3 . 



a 3) o = ([ci <2 c 2 -cj*[v 2 v 3 v 4 v^/c, 

a 3,0 = (fo -C 2 C 2 -Ci] :: -[V 0 Vi V 2 V 3 ] 1 )/C 3 

a 3,o = (fo -c 2 c 2 -cj*[v 4 v 5 v 6 y 7 f)/c 3 

Such processes are performed in both horizontal and vertical block boundaries. In 
this manner, the blocking artifacts in the whole frame can be reduced. 

The first embodiment reduces a blocking artifact in the default mode. However, 
in the default mode, only the boundary pixel values, v 3 and a 4 , are compensated. Thus, 
the default mode is not sufficient to reduce the blocking artifact in a very smooth region, 
such as a setting in a picture. 

To reduce the blocking artifact in the smooth region,' a second preferred 
embodiment of a method for reducing blocking artifacts in a moving picture according 
to the present invention includes a DC offset mode. The method in the DC offset mode 
is as follows: 

V = v 3 -d; 

V = v 4 + d; 

V = v 2 - &2\ 

v 5 ' = v 5 + d 2 ; 
v/ = Vj - d 3 ; and 

V = v 6 + d 3 . 
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In the second preferred embodiment, 
di = (3(v 3 -v 4 )//8) ;: -6(|a3 )0 |(QP) s 
d 2 = (3(v3-v 4 )//16) 5! -6(|a 3j0 |(QP),and 
d 3 = (3(v 3 -v 4 )//32)^(|a 3i0 |(QP). 

The blocking artifact in the region where there is little motion, or which is a very 
small setting, is reduced through the above-described method or the like in the DC offset 
mode. An appropriate mode between the DC offset mode and default mode can be 
determined using on the following conditional expression: 

If (y 0 = = Vj&&Vj = = v 2 &&v 2 = = v 3 &&v 4 = = v 5 &&v 5 = = v 6 &&v 6 = = v 7 ) 
DC offset mode is applied; Else Default mode is applied. 

When the DC offset mode or the default mode is selected according to the above 
conditional expression, the blocking artifacts are reduced in each mode. After determining 
the proper mode between the DC offset mode and the default mode, the block 
discontinuity at the boundary is compensated to form a consecutive line, which reduces 
the blocking artifact. In the second preferred embodiment, the DC offset mode and the 
default mode are set using S 0 , Sj and S 2 . However, the present invention is not intended 
to be limited to this. Alternative sets of points or the like can be used. 
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An examplary method for reducing a blocking artifact when coding a moving 
picture, according to the second preferred embodiment of the present invention, is 
described with reference to the flow chart shown -in FIG. 3. 

After beginning in FIG. 3, control continues to step 101. In step 101, a plurality 
of pixels, SO, SI, and S2 are defined centering around a block boundary. From step 101, 
control continues to step 102. In step 102, if a mode is selected, a default mode is set, and 
control continues to step 103. 

In step 103, frequency information of the surroundings of the block boundary for 
each pixel is obtained using, for example, the 4-point DCT kernel. From step 103, control 
continues to step 104. In step 104, the magnitude of discontinuous component belonging 
to the block boundary is replaced with the minimum magnitude of the discontinuous 
components belonging to the surroundings of the block boundary in the frequency 
domain. From step 104, control continues to step 105, where the adjusting operation is 
applied to the spatial domain. The default mode is effective in reducing the blocking 
artifact in a complex region of a picture. However, the default mode is less successful in 
a smooth region such as a setting in a picture. 

Therefore, in a smooth region it is necessary to reduce the blocking artifact in 
another mode, the DC offset mode. In step 106, the DC offset mode is established. From 
step 106, control continues to step 107. In step 107, the blocking artifact in the region 



where there is little motion, such as a setting, is reduced. From step 107, the process ends. 
Thus, the overall blocking artifacts can be reduced according to the preferred 
embodiments. 

As described above, the blocking artifact reduction methods according to the 
preferred embodiments of the present invention have various advantages and effects. The 
blocking artifact is more easily and effectively reduced using features of the frequency 
domain. The preferred embodiments provide a visually finer quality of a picture by 
reducing the blocking artifacts in both the complex and smooth regions. Further, 
calculations are simple. Accordingly, the amount of bits does not increase. 

The foregoing embodiments are merely exemplary and are not to be construed as 
limiting the present invention. The present teaching can be readily applied to other types 
of apparatuses. The description of the present invention is intended to be illustrative, and 
not to limit the scope of the claims. Many alternatives, modifications, and variations will 
be apparent to those skilled in the art. 
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WHAT TS CLAIMED T<v 



1. A method coding a moving picture using a plurality of blocks, comprising 
the steps of: 

selecting a plurality of pixels positioned around a block boundary; 

obtaining frequency information for each of the plurality of pixels; 

adjusting a discontinuous component in a frequency domain of a first pixel 
of the plurality of pixels located at the block boundary based on a corresponding 
component in the frequency domain of a second pixel of the plurality of pixels near the 
block boundary; and 

applying the adjusting operation to a spatial domain of the first pixel to 
reduce a blocking artifact, 

2. The method according to claim 1, wherein the selecting through applying 
steps are performed in a first mode. 

3 . The method according to claim 1, wherein a magnitude of the discontinuous 
component in the first pixel is adjusted to a magnitude of the corresponding component 
in the second pixel, wherein the magnitude of the corresponding component in the second 
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pixel is based on a smallest value of corresponding component magnitudes in remaining 
pixels of the plurality of pixels. 

4. The method according to claim 3, wherein the adjusting step satisfies at least 
one of the following conditions: 

V = v 3 - d; and 

V = v 4 + d; where d = CLP (c 2 (a 3 / - a3 iQ )//c 39 0,(v3-vy2)*6(|a 3>0 |(QP), 
3 V = SIGNW*MIN(|^|,| % J,| %i2 |), wherein v 3 - 
n v 4 are initial boundary pixel values, v 3 ' - v 4 ' are adjusted boundary pixel values, a 3 0 - a 3 2 
* are the discontinuous component of the discrete cosine transform coefficients of the first 
3 and second pixels, c 2 and c 3 are DCT kernel coefficients and QP is a quantization 
I parameter of a macroblock containing v 4 . 

5. The method according to claim 3, wherein the remaining pixels of the 
plurality of pixels are positioned within a block adjacent the block boundary. 

6. The method according to claim 1 5 further comprising: 
determining a smoothness level of the plurality of pixels; and 
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selecting one of a first and a second mode based on the smoothness level, 
wherein the blocking artifact is reduced based on the selected mode. 

7. The method according to claim 6, wherein the second mode is selected when 
the following condition is satisfied: (v 0 = = v 1 &&v 1 = = v 2 &&v 2 = = v 3 &&v 4 = = 
v 5 &&v 5 = = v 6 &&v 6 = = v 7 ), wherein v 0 - v 7 are boundary pixel values. 

8. The method according' to claim 6, wherein in the second mode is selected 
for a region of the motion picture where there is little motion. 

9. The method according to claim 8, wherein the adjusting step prevents over- 
smoothing when the blocking artifact is not very serious and counts an effect of a 
quantization parameter. 

10. The method according to claim 6, wherein the adjusting step in the second 
mode satisfies at least one of the following conditions: 

V = v 3 -d; 
v/ = v 4 + d; 

V = v 2 -d 2 ; 
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V = v 6 + da, where d 1 = (3(v 3 -v 4 )//8)*6(|a 3)0 |(QP), 

d 2 = (3(v 3 -v 4 )//16) :: -8(|a 3i0 |<QP) } and 

d 3 = (3(v 3 -v 4 )//32)*6(|a 3j0 |(QP), wherein v 0 - v 7 are 

initial boundary pixel values, v/ - v 6 ' are adjusted boundary pixel values, a 30 is the 
discontinuous component of the discrete cosine transform coefficients of the first pixel 
and QP is a quantization parameter of a macroblock containing v 4 . 

11. The method according to claim 1, wherein the obtaining frequency 
information step uses a 4-point discrete cosine transform (DCT) kernel. 

12. The method according to claim 11, wherein the plurality of pixels includes 
S 0? S 1? and S 2 pixels centered around the block boundary, and wherein corresponding 
DCT coefficients are determined by an inner product of the DCT kernel and the pixels, 
S 0j S l3 and S 2 . 

13. The method according to claim 1, wherein the plurality of pixels are 
centered around the block boundary. 
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14. The method according to claim 1, wherein a first mode is a default mode and 
a second mode is a DC offset mode. 

15. A method of reducing a blocking artifact for use in coding a moving picture, 
comprising the steps of: 

defining at least first, second and third pixels around a block boundary; 

setting a default mode, if the default mode is selected; 

obtaining frequency information for each of the pixels; 

adjusting a magnitude of a discontinuous component in a frequency domain 
belonging to the block boundary to the minimum value of a magnitude of a discontinuous 
component in a frequency domain around the block boundary, and applying a result of 
the frequency domain adjusting operation to a spatial domain; 

setting a DC offset mode, if a DC offset mode is selected; and 

reducing the blocking artifact in at least one of the default mode and the DC 

offset mode. 

16. The method according to claim 15, wherein the magnitude of the 
discontinuous component in the first pixel is adjusted to the minimum value of the 
magnitude of corresponding components in one of the second and third pixels, wherein 
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the first pixel is located at the block boundary and the second and third pixels are located 
around the block boundary. 

17. The method according to claim 16, wherein the adjusting steps in the default 
mode are: 

v 3 ' = v 3 - d; and 

V = v 4 + d; where d = CLIP (c 2 (a 3fl ' - a 3it )//c3 > 0,(v3-vy2)*8(|a 3 J(QP), 
V - SIGNM*^ v 3 - 

v 4 are initial boundary pixel values, v/ - v 4 ' are adjusted boundary pixel values, a 30 - a 32 
are the discontinuous component of the discrete cosine transform coefficients of the first 
and second pixels, c 2 and c 3 are DCT kernel coefficients and QP is a quantization 
parameter of a macroblock containing v 4 . 

18. The method according to claim 15, wherein the default mode and the DC 
offset mode are selected based on a smoothness level of at least the block boundary. 
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19. The method according to claim 18, wherein the adjusting steps in the DC 
offset mode are: 

V=v 3 -d; 

V = v 4 + d; 

V = v 2 - d 2 ; 
v 5 ' = v 5 + d 2 ; 
v/ = Vj - d 3 ; and 

V = v 6 + d 3 , where d, = (3(v 3 -v 4 )//8)*6(|a 3)0 |(QP), 

d 2 = (3(v 3 -v 4 )//16)*6(|a 3)0 KQP) 5 and 
d 3 = (3(v 3 -v 4 )'//32) s: -5(|a 3i0 |<QP), wherein v 0 - v 7 are 
initial boundary pixel values, v/ - v 6 ' are adjusted boundary pixel values, a 30 is the 
discontinuous component of the discrete cosine transform coefficients of the first pixel 
and QP is a quantization parameter of a macroblock containing v 4 . 

20. The method according to claim 15, wherein discrete cosine transform 
coefficients are determined by an inner product of a discrete cosine transform kernel and 
the pixels. 
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ABSTRACT OF THE DISCLOSURE 

A method of coding a moving picture is provided that reduces blocking artifacts. 
The method can include defining a plurality of defining pixels S 0 , S 1? and S 2 , which are 
centered around a block boundary. If a default mode is selected then frequency 
5 information of the surroundings of the block boundary is obtained, A magnitude of a 
discontinuous component in a frequency domain belonging to the block boundary is 
adjusted based on a magnitude of a corresponding discontinuous component selected from 
a pixel contained entirely within a block adjacent the block boundary. The frequency 
O domain adjustment is then applied to a spatial domain. Or, a DC offset mode can be 
lOfij selected to reduce blocking artifacts in smooth regions where there is little motion. 
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apjp|ication(s) for patent or inventor's certificate, or provisional application® listed below and have also identified below any foreign 
application for patent or inventor's certificate, or provisional application^) having a filing date before that of the application on 
wlilch priority is claimed: 

PGibr Foreign Application(s) or U.S. Provisional Application(s): Priority Claimed 

NiJmber Country pay /Month /Year Yes Nil 

f g231/1997 Korea 30 July 1997 X 



I hereby claim the benefit under Title 35, United States Code, Section 120 of any United States application^) listed below and, insofar 
as the subject matter of each of the claims of this application is not disclosed in the prior United States application in the manner 
provided by the first paragraph of Title 35, United States Code, Section 112, 1 acknowledge the duty to disclose material information 
as defined in Title 37, Code of Federal Regulations, Section 1.56(a) which occurred between the filing date of the prior application 
and the national or PCT international filing date of this application: 

Prior U. S. Application(s): 

Serial No. Filing Date Status: Patented, Pending, Abandoned 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued thereon. 



I hereby appoint the following attorney(s) and/or agent (s):Daniel Y.J. Kim, Registration No. 36,186 and Mark L. Flesbner, 
Registration No. 34,596; Carl R. Wesolowski, Registration No. 40,372, John C. Eisenhart, Registration No. 38,128, and Rene A. 
Vazquez, Registration No. 38,647, all of 

FLESHNER & KIM 

P. O. Box 221200 

Chantilly, Virginia 20153-1200 

with full power of substitution and revocation, to prosecute this application and to transact all business in the Patent and Trademark 
Office connected therewith, and all future correspondence should be addressed to them. 



* * * * * * * * * * ** * si- * * * * ** * * * * * * * * * * * * * * * * * * * * ****** 

Full name of sole or first inventor: Hyun Mun KIM 



^ ************* * 



Inventor's signature: Date: W / ?? 

Evidence: Rockville, Maryland, U.S.A. 



Citizenship: Republic of Korea 



Office Address: 226 Congressional Lane, Rockville, Maryland 20852 U.S.A. 



Fjfll name of joint inventor(s): Jong Beom RA 

Inventor's signature: 

fedence: Taejeon-si, Korea 



t-^ Date: 3/3 / ?<j 



Ckizenship: Republic of Korea 



fflstC 
*1J*** 



Office Address: Expo APT. 404-506, 464-1, Chonmin-dong, Yusong-ku, Taejeon-si, Korea 



Full name of joint inventor(s): Sung Deuk KIM 



Inventor's signature: £iUPl Ut^K Date: 3/ I / Qtf 

Residence: Taejeon-si, Korea __ - 



Citizenship: Republic of Korea __ _ 

Post Office Address: Samjong Heights APT. 103 1506, Joaglim d o ng, Sco-leu, TAojeon ' s irKorca ^ lU \<y Pent #>» *AA?<, 



Full name of joint inventor(s): Young Su LEE 



Inventor's signature: ^^"^ Date: ^/j_r/^^ 

Residence: Seoul, Korea 



Citizenship: Republic of Korea 



Post Office Address: 303, 661-2, Yeoksaml-dong, Kangnam-ku, Seoul, Korea 



